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Supplemental material 

 
Supplemental Figure 1: RUNX1 loss in human HSPCs expands monocytic cells at the 
expense of erythro-megakaryocytic differentiation. 
(A) Quantification of double positive HDR editing efficiency at AAVS1 safe harbor locus and 
RUNX1 locus in CD34+ HSPCs. n = 3-4 adult mobilized peripheral blood (mPB). 
(B) CD34+ HDR HSPCs from mPB were plated in methocellulose-based colony forming assays 
and assessed for colony formation at 14 days. n = 4 mPB. Two-Way ANOVA, Sidak’s multiple 
comparison’s test: n.s. not significant, * p<0.05. 
(C) CD34+ HDR HSPCs were plated in megakaryocyte (MK) differentiation media and 
evaluated for CD41+CD61+ immature MK and CD41++CD61++ mature MK by flow cytometry 
after 7 days. n = 3 CB. Two-way ANOVA, Sidak’s multiple comparisons test: * p < 0.05, ** p < 
0.01. 

Supplementary Figure 1

C

Immature MK Mature MK
0

20

40

60

80

100

%
C

el
ls

Megakaryocyte Differentiation

AAVS1

RUNX1 KO

✱✱

✱

CD61-APC

C
D

41
-P

E
-C

y7

AAVS1 RUNX1 KO

Immature
MK

Mature MK

Megakaryocyte (MK) Differentiation

Immature
MK

Mature MK

D

GPA(CD235a)-APC

C
D

71
-P

E
-C

y7

AAVS1 RUNX1 KO

Erythroid Differentiation

CD15-APC

C
D

14
-A

P
C

-C
y7

AAVS1 RUNX1 KO

Myeloid DifferentiationE

Monocytes Granulocytes
0

20

40

60

80

%
C

el
ls

Myeloid Differentiation

AAVS1

RUNX1 KO
✱

✱

Monocytes

Granulocytes

Monocytes

Erythroblasts Erythroblasts

Granulocytes

AAVS1 RUNX1 KO
0

20

40

60

80

100

%
Er

yt
hr

ob
la

st
s

✱

G

AAVS1 RUNX1 KO
0

5

10

15

20

mPB: Editing Efficiency
%

H
D

R
+

A mPB: Editing Efficiency

CFU-GEMM BFU-E CFU-G/M/GM
0

50

100

150

C
ol

on
ie

s/
50

0 
ce

lls

mPB: Methylcellulose Colony Formation

AAVS1

RUNX1 KO

ns

✱

✱

CFU-GM CFU-G CFU-M
0.0

0.2

0.4

0.6

0.8

P
ro

po
rt

io
n 

of
 M

ye
lo

id
 C

ol
on

ie
s

mPB: Myeloid Colony Formation

AAVS1

RUNX1 KO

0.9630

0.1098

0.0618

B mPB: Colony Formation mPB: Myeloid Colony Proportion

CFU-GM CFU-G CFU-M
0.0

0.2

0.4

0.6

0.8

P
ro

po
rt

io
n 

of
 M

ye
lo

id
 C

ol
on

ie
s

mPB: Myeloid Colony Formation

AAVS1

RUNX1 KO

0.9630

0.1098

0.0618

AAVS1 RUNX1 KO
0

2000

4000

6000

8000

10000

mPB Proliferation

# 
ce

lls
 / 

10
00

 p
la

te
d 

ce
lls

0.1307
F mPB: Proliferation

NSG
0

50

100

%
H

D
R

NSG:
%HDR of hCD45% cells

AAVS1

RUNX1 K
O

0.0

0.5

1.0

1.5

2.0

2.5

NSG Competitive Engraftment
(non-normalized)

C
hi

m
er

is
m

 (%
hC

D
45

+H
D

R
+)

AAVS1

RUNX1 K
O

0

20

40

60

80

100

%
 to

ta
l c

el
ls

Live

Early Apoptotic

Late Apoptotic

Necrotic

DAPI/Annexin V Apoptosis Staining IH



 2 

(D) CD34+ HDR HSPCs were plated in erythroid differentiation media and evaluated for 
CD71+GPA+ erythroblasts by flow cytometry after 7 days. n = 4 CB. Paired t-test: * p < 0.05. 
(E) CD34+ HDR HSPCs were plated in myeloid differentiation media and evaluated for CD14+ 
monocytes and CD15+ granulocytes by flow cytometry after 7 days. n = 4 CB. Two-way 
ANOVA, Sidak’s multiple comparisons test: * p < 0.05. 
(F) CD34+ HDR HSPCs were plated in stem retention media and analyzed by flow cytometry for 
cell count at days 6. n = 3 CB. Paired t-test. 
(G) CD34+ HDR HSPCs were stained for Annexin V and DAPI. Live (Annexin V- DAPI-), 
Early Apoptotic (Annexin V+ DAPI-), Late Apoptotic (Annexin V+ DAPI+), and Necrotic 
(Annexin V-, DAPI+) cells were quantified with flow cytometry. Paired t-test: n.s. not 
significant. n = 2 CB. 
(H) %HDR positivity in hCD45+ cells upon sacrifice in NSG mice. n = 21 mice. Shown are 
median +/- interquartile range. Median = 95.9%. 
(I) AAVS1 and RUNX1 KO cells were injected in a 1:1 ratio intrafemorally into sublethally 
irradiated NSGS mice and chimerism (%hCD45+HDR+) at 18 weeks was ascertained using bone 
marrow aspirates. n = 3 CB, 6 mice.  
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Supplemental Figure 2: RUNX1 KO causes upregulation of myeloid and inflammatory 
programs and downregulation of erythro-megakaryocytic programs. 
(A) Volcano plot of adjusted p-valued (padj) and log2(Fold Change) of RNA-seq of CD34+ HDR 
HSPCs 10 days after editing. Black circles, genes upregulated in AAVS1 control relative to 
RUNX1 KO, padj < 0.05, Log2(FC) < -1. Dark red circles, genes upregulated in RUNX1 KO 
relative to AAVS1, padj < 0.05, Log2(FC) > 1. Filled circles indicate highlighted genes.   
(B) Annotation of all peaks and differentially open and closed peaks in ATAC-seq of CD34+ 
HDR HSPCs 3 days after editing. 
(C) Representative footprinting analysis of RUNX motifs in ATAC-seq data.  
(D) Change in ATAC-seq peak transcription factor motif enrichment in RUNX1 KO cells 
relative to AAVS1 controls in all differentially accessible ATAC-seq peaks, promoters, and 
distal enhancers (based on H3K27ac loci identified in CD34+ CMPs). 
(E) RNA-seq GSEA of transcription factor target gene sets. 
(F) RNA-seq HALLMARK gene set enrichment analysis (GSEA).  
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 4 

 
Supplemental Figure 3: Differential peak and motif accessibility in RUNX1 KO HSPCs 
(A) Volcano plot of adjusted p-valued (padj) and log2(Fold Change) of ATAC-seq of CD34+ 
HDR HSPCs. Black circles, peaks open in AAVS1 control relative to RUNX1 KO, padj < 0.05. 
Dark red circles, peaks open in RUNX1 KO relative to AAVS1, padj < 0.05. Filled circles 
indicate highlighted peaks.   
(B) ATAC-seq HALLMARK GSEA of all differentially accessible peaks and promoter (<=1kb) 
peaks. 
(C) ATAC-seq GSEA of HALLMARK Coagulation gene set in enhancer peaks.  
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Supplemental Figure 4: Increased NFkB activity does not protect provide survival or 
growth advantage in inflammatory conditions 
(A) RUNX1 KO cells were plated in liquid myeloid differentiation media and treated with 
inhibitor or DMSO control. Proportion of CD14+ monocytes and CD15+ granulocytes was 
assessed by flow cytometry at 7 days. n = 4 CB. Two-way ANOVA, Sidak’s multiple 
comparisons test: * p < 0.05.  
(B) CD34+ HDR HSPCs were plated in stem retention media and supplemented with indicated 
doses of TNFa. Cell count and viability was determined at 6 days by flow cytometry. n = 3 CB. 
Two-way ANOVA, Sidak’s multiple comparisons test or non-linear regression comparison of 
fits: **** p < 0.0001. 
(C) CD34+ HDR HSPCs were plated in stem retention media and supplemented with 10ng/mL 
IL-1A, 10 ng/mL, 1U/µL IFNb, 1U/µL IFNg, 100 ng/mL LPS, or 1000 ng/mL LPS. n = 3 CB. 
Two-way ANOVA, Sidak’s multiple comparisons test: n.s. not significant, * p < 0.05, ** p < 
0.01, *** p < 0.001. 
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Supplementary Figure 5
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Supplemental Figure 5: Only IL-3 rescues RUNX1 KO cell proliferative defect 
(A) CD34+ HDR HSPCs were plated in stem retention media (20 ng/mL TPO) and supplemented 
with additional TPO to 50 ng/mL or 100 ng/mL. Cell count was determined at 6 days by flow 
cytometry. n = 3 CB. 
(B) Protein expression of MPL measured by flow cytometry. n = 2 CB. 
(C) Recombinant AAV6 vector carry arms of homology flanking U6-driven shRNA and 
fluorescent protein (FP) reporter transgenes as donor DNA for HDR. Integration of both GFP 
and mCherry donors will result in either expression of 2 copies of scrambled shRNA control 
(shscr) or 2 shRNAs targeting SOCS3 (shSOCS3). 
(D) Western blot for SOCS3 in cells with scrambled shRNA control (“shscr”) or SOCS3 
targeting shRNAs (“shSOCS3”) integrated into the RUNX1 locus and quantification of SOCS3 
protein knockdown in shSOCS3 cells relative to shscr cells. 
(E) CD34+ HDR HSPCs were plated in stem retention media for 6 days and analyzed by flow 
cytometry for pSTAT5. pSTAT5 positivity was gated based on isotype controls. n = 3 CB. One-
way ANOVA, Dunnett’s multiple comparisons test. 
(F) CD34+ HDR HSPCs were plated in stem retention media for 6 days and analyzed by flow 
cytometry for cell count using CountBright beads. Cell counts normalized to AAVS1 + 
shscramble controls are shown. n = 6 CB. One-way ANOVA: n.s. not significant, * p < 0.05, ** 
p < 0.01. 
(G, H) CD34+ HDR HSPCs were plated in stem retention media and supplemented with G-CSF, 
GM-CSF, or IL-5. Cell count was determined at 6 days by flow cytometry. n = 2-3 CB. 
(I) pSTAT5 MFI was quantified in CD34+ HDR HSPCs plated in serum-free media with SCF, 
TPO, and FLT3L with or without 10 ng/mL IL-3 after 7 days. Two-way ANOVA, Sidak’s 
multiple comparison’s test: * p < 0.05. 
(J) %HDR positivity in hCD45+ cells upon sacrifice in NSGS mice. n = 29 mice. Shown are 
median +/- interquartile range. Median = 94.1%. 
(K) CD34+ HDR HSPCs were injected intrafemorally into sublethally irradiated NSGS mice and 
hCD45+HDR+ engraftment monitored over time using bone marrow aspirates (at 8-10 weeks or 
16-18 weeks after transplantation) and upon sacrifice (at 24-26 weeks after transplantation). n = 
3 CB, 16 mice. 
(L) AAVS1 and RUNX1 KO cells were injected in a 1:1 ratio intrafemorally into sublethally 
irradiated NSGS mice and chimerism (%hCD45+HDR+) at 18 weeks was ascertained using bone 
marrow aspirates. n = 3 CB, 13 mice. 
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Supplemental Figure 6: STAT5 signaling is downregulated in RUNX1mut AMLs 
IL2 STAT5 Signaling GSEA comparing RUNX1mut to RUNX1wt AMLs in TCGA AML and 
BeatAML datasets.  

NES = -1.377
padj = 0.1054
p-val = 0.02741

NES = -1.598
padj = 0.0005442
p-val = 0.0002721

Enriched in 
RUNX1wt

Enriched in 
RUNX1mut

Enriched in 
RUNX1wt

Enriched in 
RUNX1mut

Extended Data Figure 6



 9 

Supplementary Table 1: Patient Samples   
Sample RUNX1 Mutations (VAF) Non-RUNX1 mutations 
SU032 RUNX1S381A (48.62%), RUNX1P103T (5.19%)  CEBPA 
SU371 RUNX1F353 (46.97%) TET2, ASXL1 
SU524  TET2, ASXL1 
SU681  CEBPA, CSF3R 
SU770  TET2, ASXL1 

 
Supplementary Table 2: Flow Cytometry Antibodies  
Antigen Fluorophore Clone Supplier 
CD110 (MPL) BV421 1.6.1 BD 
CD114 (CSF3R, G-CSFR) APC LMM741 Biolegend 
CD116 (CSF2RA, GM-CSFR) BV421 hGMCSFR-M1 BD 
CD123 (IL3RA) APC 7G3 BD 
CD123 (IL3RA) BUV395 7G3 BD 
CD14 APC-Cy7 MφP9 BD  
CD15 APC MMA eBioscience 
CD19 PE-Cy5 HIB19 BD 
CD20 PE-Cy5 2H7 BD 
CD235a (GPA) APC HIR2 Biolegend 
CD3 APC-Cy7 SK7 BD 
CD34 APC 581 Biolegend 
CD34 APC 8G12 BD  
CD38 PE-Cy7 HB7 BD 
CD41 PE-Cy7 HIP8 BD 
CD61 APC VIPL2 BD 
CD71 PE-Cy7 OKT9 eBioscience 
CD99 FITC TÜ12 BD 
human CD45 V450 HI30 BD 
human CD45 APC 2D1 eBioscience 
mouse CD45.1 PE-Cy7 A20 Invitrogen 
Ter119 PE-Cy5 TER-119 Invitrogen 
TIM-3 PE 344823 R&D Systems 
pSTAT5 (pY694) AF647 47/Stat5 BD 
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